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DIEL RHYTHMS IN COASTAL TEMPERATE FISHES AT THE OBSEA 
J. Aguzzi44, G. Santamaria25, J. Del Río3, F. Sardà46, M. Nogueras19, A. Manuel2 
Abstract - We used for the first time a coastal cabled observatory (OBSEA, 
www.obsea.es) to video-monitor activity rhythms of different fish species 
within an artificial reef area at a high frequency (30 min). Fish counts were 
continuously obtained at day and night during one month and compared with 
the corresponding solar irradiance data. A significant (p < 0.05) 24-h patter 
in counts was observed in the majority of recognized taxa by periodogram 
analysis. Three types of rhythms were identified in waveform analysis: Dirunal, 
nocturnal, and crepuscular. 
Keywords: OBSEA, cabled video-observatories, swimming rhythms, Western 
Mediterranean, coastal areas, temperate fishes, irradiance, daily activity
INTRODUCTION
The light cycle drives the activity patterns of animals via the process of natural 
selection. The level of environmental illumination influences the typology and 
the strength of all inter- and intra-specific interactions. Light driven interspecific 
interactions produce rhythmic displacements of populations within the three-
dimensional marine environment. That aspect of behaviour in animals influences 
our population and biodiversity assessments if the frequency of sampling is too 
low and irregular through time (Aguzzi et al., 2012). These general principles may 
be applicable to highly motile organisms such as fishes, whose activity rhythms 
have a deep and still poorly understood influence on our perception of changes 
in community composition over periods of days and over the seasons in coastal 
areas (Condal et al., 2012). 
In this study, we used the OBSEA coastal cabled video-obs ervatory to measure 
the day-night activity rhythms of fishes over one month. we gathered solar 
irradiance data in conjunction with video monitoring because this environmental 
characteristic is one of the major evolutionary forces shaping fish behaviour 
(Horodysky et al. 2010). Finally, we critically evaluated whether the obtained 
count patterns can be used as a reliable proxy for swimming rhythms of local fish 
populations in spite of their complex habitat use. 
MATERIALS AND METHODS
The Western Mediterranean Expandable SEAfloor OBservatory (OBSEA; www.
OBSEA.es) is a cabled video-platform located at a depth of 20 m, 4 km off 
Vilanova i la Geltrú (Catalonia, Spain) The observatory is equipped with an OPT-
06 Underwater IP Camera, which can acquire digital images of the surrounding 
medium with a resolution of 640 x 480 pixels (Mpeg/Mjpeg; 18 × optical zoom). 
OBSEA is equipped with a nocturnal lighting system consisting of 2 white light 
LED arrays. Each array has 13 high-luminosity white LEDs with a total power of 
30 W and generated an emission power of 3800 lumens (63 W/m2) along the 
maximum light propagation vector at an angle of 38°. The lights were switched on 
and off by a LabView application that also controlled the camera white balance.
We acquired images over 30-min periods during one month (22 October to 22 
November 2011, starting and ending at 0:00 and 15:00 local time, respectively). A 
procedure controlling the ON-OFF status of the lighting immediately before and 
after image acquisition was implemented to avoid constant lighting throughout 
the monitoring period because such lighting may disrupt behavioural 
observations (Aguzzi et al. 2010, Matabos et al. 2010). 
An artificial reef is placed at a distance of approximately 3 m from the camera. A 
red methacrylate panel of 220 X 220 cm was installed next to the artificial reef 
(del Río et al., 2013) at approximately 2 m above the seabed to provide a standard 
Region Of Interest for fish counting. We gathered data on atmospheric irradiance 
(W/m2) at times corresponding to image acquisition. Taxa classification and 
counting were conducted for each picture following Condal et al. (2012). 
Time series analysis was performed separately for the visual count data set of 
each species, with the local time as the reference. We first represented the visual 
count data and the irradiance data together, in order to obtain a global overview 
of fish activity over consecutive light intensity cycles, which could vary in strength 
over consecutive days for cloudiness. Then, a Chi-Square Periodogram analysis 
(Sokolove & Bushell 1978) was used to screen the occurrence of significant 
(p<0.05) periodicities within intervals of 480 and 1500 min (equal to 8 h and 25 
h, respectively). 
A waveform analysis was conducted to assess the phase of the visual count 
rhythms in terms of the peak timing. The time series were subdivided into 24-h 
segments. The phase was then computed according to the Midline Estimating 
Statistic of Rhythm (MESOR) method (Aguzzi et al. 2006). A Rayleigh Z-test 
(Batschelet 1981) was applied to the time series of the different taxa recognised 
and of the irradiance data, to assess the temporal relationship between the series. 
The acrophase of the rhythms was first determined for all taxa with a cosinor 
test (p = 0.05) (Nelson et al. 1979). The different acrophases obtained were then 
plotted together to study their temporal clustering (i.e., phase distribution) in 
circular coordinates (24 h) representing the time of day.
RESULTS
We collected 1520 images (Table 1) representing 19 different taxa. Of these 
taxa, 16 were classified to the species level. The periodogram analysis revealed 
significant diel periodicities in the majority of time series for the different taxa 
(Table 1). Arrhythmia was reported in Scorpaena sp. based on the extremely 
scattered and low abundance counts (Fig. 1). Arrhythmia was also reported for D. 
vulgaris based on the highly variable visual counts. 
The waveform output plot for the species assemblage showed the presence of 
a general and marked diurnal phase (Fig. 2) that started and ended a few hours 
before and after sunrise and sunset, respectively (Table 1). At night, the visual 
counts for all fishes dropped approximately sevenfold relative to the values 
observed close to midday. 
The waveform analysis detected another group of species with a significant 
crepuscular increase (Figs. 2). A third group, represented only by Atherina sp., 
also showed a broad nocturnal increase, although a major peak occurred prior 
to sunrise.
The onset and offset of the waveform peaks for all species were compared with 
the average irradiance levels (also computed from waveform analysis). The peaks 
for all diurnal species started and ended between 6:00-8:00 and 16:30-18:30, 
respectively. The onset and offset corresponded to irradiance values of 5.6-103.1 
and 8.5-0.0 W/m2, respectively. 
The Rayleigh Z-test showed a significant diurnal clustering (r = 0.52, r(0.05) = 
0.38) of acrophases for the different taxa (Fig. 3). The acrophases of the majority 
of species clustered with a timing (11:14) that was similar to the acrophase of the 
irradiance data (11:18). The acrophases of nocturnal species showed to be almost 
exactly antithetic to the one of the diurnal species, since chiefly occurring around 
midnight. 
CONCLUSIONS
In this study, we used a cabled video-observatory to quantify the fluctuations 
in counts for different fish species as a proxy of their swimming rhythms. The 
majority of species were found to be fully diurnal, with few exceptions show-
ing nocturnality or, unexpectedly, crepuscularity. Taken together, these results 
highlight the occurrence of marked changes in coastal fish communities as a 
response to day-night driven fluctuations in light intensity. The widespread use 
of such observational technology may furnish a foundation for the understand-
ing of temporal functioning in marine ecosystem, based on the precise charac-
terisation of behavioural responses of individuals within populations to cyclic 
habitat changes (Aguzzi et al., 2012).
Our results indicate that the time of sampling is of relevance for species detec-
tion and that video monitoring should be conducted continuously over con-
secutive 24-h cycles. Furthermore, day-night monitoring should be repeated 
monthly because day-night fluctuations may occur in juxtaposition with larger 
population rhythms such as those related to the seasons. 
In this study, we reported the occurrence of marked daily rhythms in visual 
counts in a group of temperate fishes. The majority of species showed diurnal 
increases in detections (Fig. 3), and we found that the count peaks clustered at 
midday in different taxa around a similar irradiance level.
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Table 1.
All taxa recognised, their total counts and percentage of occurrence relative to the total (Species assemblage). Time series analysis outputs: Periodogram screening 
(significant periodicity, P; percentage of variance, Var; arrhythmia, Arr.) and waveform analysis defining activity characteristics (MESOR; Onset and Offset; phase as 
diurnal, D, Nocturnal, N, or crepuscular, C; total hourly duration of activity, hrs). Taxa for which no time series analysis was performed are also indicated (-). Average 
irradiance, Irr (W/m2) at acrophase (Acro.), as computed from a cosinor test (see Figure 4), is also reported. 
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Figure captions
Fig. 1. Time series of visual counts for fishes (in black) obtained during one month of continuous video-observation in the Western Mediterranean coastal area where 
the OBSEA cabled video-observatory is located. Fish counts and solar irradiance data (in grey) are shown together as a measure of the coupling of species rhythms 
with daily fluctuations in environmental illumination. Fish assemblage (a); Fishes classified as unknown (b); Apogon imberbis (c); Atherina sp. (d); C. chromis (e); C. 
julis (f ); D. annularis (g); D. cervinus (h).
Aguzzi et al., Fig. 1 
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Fig. 2. Example of partial waveform analysis outputs for time series of fish counts (black) and irradiance data (grey). The phase of the count rhythms is identified by 
values above the MESOR (dashed line), evidencing the first and the later averaged count value above and below this threshold line. The black arrows indicate these 
phase temporal limits as peak onset and offset (reported in Table 1). Species are those of Figure 1 (see the corresponding legend for their name).
Aguzzi et al., Fig. 2 
Aguzzi et al., Fig. 3 
Fig. 3. Outputs from Rayleigh Z-test of the temporal clustering of visual counts phases for the different taxa (black triangles). The grey arrow is the phase of the 
irradiance data sets. The dashed inner circumference is the value for the significant threshold (p < 0.05), as required to measure the r vector strength (i.e. the thin 
black line reaching from the centre to the trapezoid line and ending with a dot), whose orientation is given by the averaged temporal distributions of waveform 
phases. In particular, the trapezoid indicates the dispersion of the waveforms’ temporal clustering. The thick black line is the averaged night duration, as defined by 
a waveform analysis of irradiance.
